The Intergovernmental Panel on Climate Change Special Report on Renewable Energy Sources represented a benchmark in the assessment of water consumption from electricity production. The numbers for hydropower ranged from very low to much larger than the other renewable technologies, partly explained by methodological problems. One of the methodological shortcomings identified was the lack of guidance on how to allocate the water consumption rates in multipurpose reservoirs. This paper is, according to the authors' knowledge, the first attempt to evaluate, test and propose a methodology for the allocation of water consumption from such reservoirs. We tested four different allocation methods in four different cases, all serving three to five functions, including drinking water supply, irrigation, flood control, industrial water, ecological flow and power generation. Based on our case studies we consider volume allocation to be the most robust approach for allocating water consumption between functions in multipurpose reservoirs. The spatial boundaries of the analysis should follow the boundaries of the hydraulic system. We recommend that data should preferably be gathered from one source for all functions, to ensure a consistent calculation approach. We believe the findings are relevant for similar allocation problems, such as allocation of energy investments and green-house gas emissions from multipurpose reservoirs.
Introduction
The Intergovernmental Panel on Climate Change (IPCC) Special Report on Renewable Energy Sources (IPCC, 2011 ) assessed the potential of renewable energy sources to replace fossil-based sources. The renewable technologies were benchmarked with respect to a set of criteria, including 1. Review the most common approaches for the distribution of environmental burdens and resources consumption, based on the principles outlined by ISO standard 14044 (IS0 14044, 2006) in the light of water consumption from multipurpose reservoirs. 2. Demonstrate the use of the various allocation approaches for water consumption based on real cases with specific water consumption datasets, and assess the appropriateness of the various allocation procedures. 3. Propose recommendations and guidelines for the operative use of the allocation procedure for water consumption in multipurpose reservoirs with hydropower production. These burden-distributing guidelines should also be considered more widely relevant for LCA studies of multipurpose reservoirs.
To the authors' knowledge there are no scientific publications attempting to allocate the burden of water consumption or any other resource consumptions or emissions from multipurpose reservoirs, except the studies on the Glen Canyon Dam multipurpose reservoir (Pasqualetti & Kelley, 2008) and on the Yangtze River (Zhao & Liu, 2015) . The novelty in our study is, for this reason, the application of existing data to a wide range of allocation methods, based on use of existing hydrological, technical and socio-economic data and not on the collection of new data. Rather the opposite, the intention has been to apply available data in a new way, which would be the situation when this type of study is carried out as part, for instance, of an environmental impact assessment. We would also stress that the purpose of this study is not to identify generic allocation ratios to the various functions, but to test allocation methods. We believe hydropower projects and multipurpose projects in particular are so casespecific that it is not possible to find generic ratios.
There is a great need to establish justifiable allocation methods for multipurpose reservoirs outside the scientific community. The recently established ISO Water Footprint Standard (ISO 14046, 2014) lacks proper allocation rules. The initiative launched by the World Water Council and their programme on water and energy coordinated by Electricité de France (EDF) (http://www.worldwatercouncil.org/ programs/water-energy/) underline the importance of the topic, as well as the concerns expressed by the hydropower sector (IHA, 2011).
Methodology for allocation of burdens in multi-output systems

Allocation models and data requirements
In order to choose the most appropriate model for distributing the environmental burdens between functions in a multi-output system, one has to take into account the scope of the study, data availability, and the characteristics of the process under study (European Commission, 2010) . The starting point for a LCA-study should, however, always be the hierarchy given by ISO 14044 (ISO 14044, 2006) , which means following the order given below.
If possible, allocation should be avoided by:
• 1A: subdividing the product system • 1B: using system expansion/avoided burdens to include the additional functions.
If allocation cannot be avoided, allocation should be based on:
• 2A: physical relationships (mass, volume or energy)
• 2B: other relationships (economic or other relationships, e.g. explicit prioritizing).
According to the International Reference Life Cycle Data System (ILCD) handbook (European Commission, 2010), subdividing the product system (1A) will require subdividing the multipurpose reservoir individually for those of the mono-functional processes that relate to the analysed system. The use of 1A is considered irrelevant for multipurpose reservoirs as this approach is designed for production lines that can be completely separated and the resource consumption/emissions assigned to each type of product or service. In contrast, multipurpose reservoirs hold one large pool of the same resource and cannot be separated unless the water is divided in each function based on volume of water used, which would lead to volume allocation as the approach (2A).
System expansion/avoided burdens (1B) means adding another function to make two systems comparable, or to subtract the inventory of another system (representing another way of fulfilling the not-required function) from the analysed system (European Commission, 2010) . The use of 1B would imply removing and adding functions and then assessing the changes in the water consumption. The order in which this virtual 'stripping of functions' is carried out will affect how much the water consumption is reduced. To define a fair basis, not determined by the order the functions are removed or added, the use of 1B will also ultimately lead to volume allocation (2B) as the allocation method.
Using allocation is the last step in the ISO hierarchy. Allocation is also called 'partitioning' and this 'solves the multi-functionality by splitting up the amounts of the individual inputs and outputs between the co-functions according to some allocation criterion, being a property of the co-functions' (European Commission, 2010, p. 79) . The European Commission (2010) also states that the underlying causal physical (including chemical and biological) relationships between the functions should be reflected in the allocation. Mass allocation (2A) is considered to give the same outcome as volume allocation for the case of water reservoirs. If physical relationships cannot be established, allocation should be based on some other relationship, which could be economic or another non-causal physical property (Table 1 ).
In the case of multipurpose reservoirs, explicit prioritizing between sectors is defined in some countries, e.g. India (Government of India -Ministry of Water Resources, undated) and Turkey (Şorman, 2013) , as the authorities have stated clear priority rules for the allocation given by the importance for the society as a whole. Explicit prioritizing could be interpreted as meaning that the highest priority should have all the share of the water consumption (100%), the highest share (e.g. 50% if 3 or more users) or another allocation ratio, independent of how large the volumes of water are that are withdrawn to each purpose. Alternatively, a hybrid allocation version combining the priority and the volume of water withdrawn (weighted by priority) could be used.
Basis for assessment
As the calculated burden distribution from the various allocation models cannot be said to be right or wrong, the qualitative criteria formulated by the ILCD (European Commission, 2010) formed the basis for our assessment of the appropriateness of the different allocation models in the context of multipurpose reservoirs and water consumption, which are as follows:
• Scientific robustness, i.e. how sensitive the model is to changes in input from its initial stable configuration.
• Transparency and reproducibility, i.e. how easily the assessment is understood and if it can be reproduced (with the same output) by a different and independent assessment.
• Applicability, i.e. if the use of the allocation model in a real case can be carried out in a process that is practical, cost-effective and easy to communicate.
• Level of documentation, i.e. if reliable information and data is readily available with reasonable efforts.
• Stakeholder acceptance, i.e. to what extent the model is perceived fair among the stakeholders.
Datasets used for demonstration and assessment
The World Register of Dams (ICOLD, 2014 ) is considered to hold the most complete dataset of large dams and reservoirs, and holds information about close to 39,000 dams and reservoirs among the world's 45,000 large dams (WCD, 2000) built for the purpose of irrigation, flood control, navigation, urban water supply schemes and other purposes. Approximately 25% of the world's dams higher than 15 metres registered in the ICOLD database (i.e. close to 10,000 dams) are classified as dams with reservoirs serving multiple functions ('multipurpose reservoirs/dams'). Among the multipurpose reservoirs, irrigation is the most common purpose followed by flood control, water supply, hydropower generation, recreation and navigation/fish farming. Approximately 40% of the multipurpose dams serve hydropower production as one of several functions. Power production lost by withdrawal of water for water supply.
Value of water supply. Alternatively, the value of the loss of power. Irrigation Volume of water used for irrigation.
Power production lost by withdrawal of water for irrigation.
Income from increased agricultural production. Alternatively, the value of the loss of power.
Flood control
Volumes available for storage of inflow.
Lost power production due to reduced head (lowered water level), and less profitable operation of the reservoir.
The value of reduced risks of floods. Alternatively, the value of the loss of power.
Transportation/ navigation
Volume of water released to downstream areas and maintenance of a certain water level in the reservoir.
Lost power production due to less profitable operation of the reservoir. For the river locks -diversion of water.
The value of providing more efficient/cheaper transportation. Alternatively, the value of the loss of power production. Fisheries/ aquaculture (commercial)
In the case of withdrawal to external productions sitesvolume of water withdrawn. In the case of aquaculture in the reservoir -maintenance of a certain water level.
Lost power production due to withdrawal of water and/or less profitable operation of the reservoir.
The value of the increased commercial and recreational fisheries. Alternatively, the value of the loss of power production.
Recreation Maintenance of a certain water level.
Lost power production due to less profitable operation of the reservoir.
The value of the recreational activities in the area. Alternatively, the value of the loss of power.
Environmental flow to downstream areas
Volume of water released to downstream areas.
Power production lost due to diversion of water.
The value of intact (or less damaged) downstream ecosystems. Alternatively the value of the loss of power production.
The cases in our study are selected based on the fact that they should represent a diversity of multipurpose reservoirs, be located in water-stressed areas, have a different mix of functions and be geographically distributed. We have included two Spanish cases as they are in different stages, i.e. one in the planning phase and one in operation, representing different situations with respect to availability of data. We would underline that the main purpose of the study is to demonstrate the performance of the various allocation models, and not to produce exact numbers on the water consumption rates and shares.
It should be noted that the water consumption values given in Table 2 are provided on the following basis: (1) the water consumption values are calculated by the 'gross evaporation approach' (Bakken et al., 2013b) , (2) all the losses are assigned to power production, and (3) only losses in the operational phase are included. All numbers in the Tables 2-6 are given as typical numbers or long-term annual averages to the extent that such numbers have been available. If data for a specific procedure of allocating losses are not available or the allocation method is not considered feasible for other reasons, this is indicated by N.A. in the table.
Sri Ram Sagar Project, India
The Sri Ram Sagar Project (SRSP) is a multipurpose project, located across the Godavari River near Pochampad of Nizamabad District in Andhra Pradesh, India. The catchment area at the dam site is 91,751 km 2 , and the average inflow to the reservoir is at 283.4 m 3 /s, given an annual volume of 8,937 million m 3 /year (Sauterleute et al., 2012) . The numbers for SRSP are from Bakken et al. (2013a) and Sauterleute et al. (2012) , for Aswan High Dam they are derived from data provided by Abu-Zeid & El-Shibini (1997) , FAO (2015) and Demeke et al. (2013) , while the sources of information on Mularroya dam are Peláez (2007) and the Viability Plan Mularroya Dam (2007) . The numbers for the Porma Dam and reservoir are based on numbers provided by Peláez (2007) and CHD (2012a). According to the state policy of India (Government of India -Ministry of Water Resources, undated), drinking water is the top priority, followed by irrigation, hydropower, industrial and other uses. In the case of SRSP, drinking water supply, irrigation and power production are the uses, and the water is withdrawn directly from the reservoir. The water used for hydropower production is released directly into one of the irrigation canals (Kakatiya canal), hence this volume of water is 'double counted' in our study. This is not considered problematic as it is the share per function that is relevant for the water consumption calculations.
The data provided on 'volume allocation' are water requirements (demand fulfilment) (Sauterleute et al., 2012) , which match fairly well the available water volume in a typical hydrological year, taking into account evaporation from the surface and periods of spill. As the inflow can vary considerably from a wet to a dry year, the actual allocation for a particular year might deviate from the numbers given in Table 3 . According to the rules of allocation, the volumes of water for domestic supply will persist, while irrigation, and possibly hydropower depending on to which canal the water will be released, will be reduced. As the energy allocation is directly derived from the volume allocation and does not take into account the variation in head, the share will stay identical to changes in the volume allocation. Similarly, since the calculated economic allocation is based on the 'loss of energy production' where a constant electricity price is assumed, the share will follow the change in water volumes. The average electricity price for India (2011) is taken from the 'Shrink that footprint' website (http://shrinkthatfootprint.com/averageelectricity-prices-kwh). The more time-consuming method of obtaining data on economic benefits based on data from the individual sectors will provide a different picture as this will not be directly linked with the changes in withdrawal from the reservoir, taking into account other factors that also might influence the outcome.
Aswan High Dam, Egypt
The Aswan High Dam is an embankment dam situated across the Nile River in Aswan, Egypt, by the border of Sudan, built just upstream of the Old Aswan Dam. The large upstream reservoir has the capacity to store 162 km³ and is the major reservoir providing regulated flow to both power plants, as the smaller reservoir between the dams can only hold 1 km 3 of water (ICOLD, 2014). The annual power production of Aswan High Dam and Old Aswan Dam is 7.0 TWh and 2.7 TWh, respectively, and, in the context of water consumption, these two plants are assessed as one production unit. High Aswan Dam is a multipurpose project and the main reason for construction was to develop irrigation systems for increasing rice and sugar-cane cultivation. The construction of the dam enabled perennial irrigation, whereby water is available at any time throughout the year (Abu-Zeid & El-Shibini, 1997). Other objectives enabled by flow regulation of the Nile River are flood protection, hydroelectricity generation and improved navigation (Abu-Zeid & El-Shibini, 1997). The plants further downstream on the Nile (Assiut Barrage, Esna Barrage, Nag-Hamady Barrage and New Esna Barrage) might also benefit from the regulation provided by the Aswan High Dam, but except for Esna Barrage (600 GWh/year) (ICOLD, 2014), the production is unknown.
The volume of water used for power production comes from Oven- Thompson et al. (1982) , the volume set aside for flood protection is from ICOLD (2014), while the values for irrigation, domestic water supply and navigation are from Oosterbaan (1999) . The water used for power production is returned to the river basin and released for other purposes downstream, and hence 'double-counted' in our study. Similar to the study in India, this is not considered problematic as it is the share per function that is relevant for the water consumption calculations. The numbers on power production are from Abu-Zeid & El-Shibini (1997), while the other numbers used in the energy allocation are derived from this and the ratios calculated for volume allocation.
All the data for the economic allocation are from Biswas & Tortajada (2004) . This source does not include economic benefits for industries and municipalities, which are hard to obtain. We have not been able to obtain information on priority of water use, but it is likely that domestic water supply has the highest priority as in the other cases investigated.
The numbers on allocation of water volumes and economic benefits vary a lot between the different sources visited, which might be due to high uncertainty in the calculations, different approaches for calculation and the fact that there might be great differences from year to year due to climatic and hydrological conditions. As an example, Strzepek et al. (2008) estimate the value of the Aswan High Dam to the Egyptian economy to be in the range of 2.7 to 4.0% of gross domestic product (GDP). The sum of the estimates of economic values for each function given by Biswas & Tortajada (2004) in Table 4 is 255 million Egyptian Pounds (EGP)/year, which corresponds to approximately 0.05% of GDP.
Mularroya Dam, Spain
Mularroya Dam is presently under planning as part of the Bajo Jalón regulation system in the region of Zaragoza in the north-eastern part of Spain. The entire system regulates a 7,088 km 2 watershed with an average yearly inflow of 315.6 hm 3 , which corresponds to an average discharge of 10.0 m 3 /s (Viability Plan Mularroya Dam, 2007) . The system is composed of the Mularroya Reservoir in the Grío River, which will receive water by a diversion channel via a dam in the Jalón River, one of the principal tributaries of the Ebro.
The water volume transferred from the Jalón River to the Mularroya Reservoir is annually around 58.8 hm 3 , and the annual inflow from Grío to Mularroya is 20.4 hm 3 (natural inflow) giving a total inflow to Mularroya Reservoir equal to 79.2 hm 3 . A total of 26,340 hectares of land are irrigated based on water from the reservoir.
The Viability Plan (Viability Plan Mularroya Dam, 2007) describes the economic benefits obtained from the different water services offered by Mularroya multipurpose reservoir, and the priority is given by the Ebro Basin Hydrologic Management Plan (CHE, 2011) ( Table 5) .
The water supply of the population includes the water needs of those industries located in urban areas and with limited water requirements. The environmental flows and flood control are not considered as water uses, but as restrictions that must be fulfilled as soon as the needs for drinking water are met.
All the numbers on volume allocation are from Fernández González (2011). The volume for flood control is set as a certain percentage (20%) of the total storage capacity (Viability Plan Mularroya Dam, 2007) . The estimated power generation is from Fernández González (2011), while the 'lost' energy production due to releases for other purposes is calculated using the same ratio as for power generation. The allocated volume for flood control is considered lost for power production. This is a conservative assumption, which will imply that a conservatively high energy allocation is assigned to the purpose of flood control. It is not known if any of the purposes use the same water volumes, e.g. that the hydropower generation and irrigation canals are linked. The numbers on economic allocation are for power generation from the Viability Plan (Viability Plan Mularroya Dam, 2007) , while the others are from Fernández González (2011).
Porma Dam, Spain
Porma Dam is located in the north-western part of Spain within the Duero River Basin. Porma Dam is part of the water regulation system known as Elsa-Valderey, where Porma Dam is located between Puebla de Lillo and Boñar (León). The Elsa Valderey system is composed of four reservoirs: Riaño, Porma, Casares and Ricobayo, where Riaño and Porma are the most important reservoirs in the regulation of the system. The yearly average inflow is 311.6 hm 3 which corresponds to an average discharge of 9.9 m 3 /s. The Porma Reservoir serves a vital mission in the regulation of the rivers in León and has reduced the risk of floods to the downstream areas that historically have suffered from severe flood events. The reservoir provides water to irrigate about 35,990 hectares and the reservoir is used for energy production, water supply and recreational activities, such as water sports (CHD, 2012a) ( Table 6 ).
The water volume allocated for power production is obtained from Pérez et al. (2008) , verified against data received from Duero Basin authorities (CHD, Technical Directorate of Public Participation and Citizen Information Service), and the water volume is estimated assuming full power production for 19 weeks. The water volumes for water supply and ecological flows are taken from the Duero Basin Hydrologic Management Plan (CHD, 2012a), numbers on irrigation water have been received from Juan Ignacio Pérez (Pérez, 2013) , and the volumes for flood control are based on De la Torre et al. (undated) . It should be noted that the numbers on water supply include the industrial uses in urban areas. Data on the energy generation from the hydropower plants are from Pérez et al. (2008) , and the numbers on energy allocation for the other functions are calculated based on the same water volume-energy ratio as the power production, except for irrigation where the energy allocation is calculated as the loss of energy due to the dependence of irrigation. It is assumed that the water and energy allocation for the different purposes are independent of each other. The numbers on economic allocation are for power generation from Hydrographic Demarcation of Duero River (DHD, 2005) , and water supply and irrigation from CHD (2012b). Numbers on the economic benefits from release of ecological flow, which also include the benefits of recharging aquifers, are from Fernández González (2011). The data on economic benefits (reduced risk) of the flood control project in the Benvavente region (the confluence of five major rivers, one of them the Porma River) are set based on the cost of the project. These data are provided by the Ministry of Environment (El Mundo, 2010), and are estimated at 2.3 million Euros. According to the Significant Risk Areas of Potential Flood (MAGRAMA, undated), 93 historic floods have been documented in Benavente, 14 of which were in Porma, therefore a recalculation of the amount of investment required by the Ministry due to Porma flooding has been carried out. The prioritizing is given by Duero Basin Hydrologic Management Plan (CHD, 2012c).
It should be mentioned that the volume of water allocated to hydropower depends on the amount of water designated to irrigation, i.e. the regulation in irrigation will affect the energy production. After the summer, the reservoir normally holds a minimum volume of water due to the supply of irrigation water and low inflow during the preceding months. If the reservoir volume falls below 50 hm 3 or 30 hm 3 the irrigation flow will be reduced by 20% to 50%, respectively. This illustrates the complexity of finding the 'correct' volumes of water for the various functions.
Results and discussion
The data for each case have been systemized in order to find each function's share of the water consumption for each burden-distributing model used (Figure 1 ). In Table 7 the numbers for the hydropower function are shown alone, as absolute numbers. Figure 1 and Table 7 show that for the volume allocation model, power generation gets from 2 to 39% of the water consumption. For energy allocation, the lower number is 2% while the upper is close to 50% of the total gross water consumption. Using economic allocation, power generation is allocated 4 to 39% of the gross water consumption. As water supply has in all cases the highest priority, explicit prioritizing leads to zero water losses allocated to power production in all cases. For three of the four cases, the differences between allocation based on volume and energy are small. For the Porma case, however, all these three allocation models (volume, energy and economy) give quite diverging results. For power production, the resulting gross water consumption varies by a factor of almost 10, from 11 to 109 m 3 /MWh.
The explanation is that the diversity of literature sources calculating the water volumes consumed, economic benefits, etc. is the highest for this case, which gives very inconsistent outcomes. For all cases, explicit prioritizing is the burden distribution model that stands out from the others, which is due to the simplistic approach we have selected for it of allocating all the loss to only one function. The volume allocation model appears more feasible as data on water volumes for irrigation, power production, etc. are very basic in planning and management of reservoirs. The difficulties encountered during application of this model are related to setting appropriate system boundaries. Water use is not always consumptive as water could be returned to the downstream river. In the case of hydropower, all the water that is diverted into the inlet structure of the plants is released downstream. The water used for domestic supply will also often ultimately return to the basin, but often with reduced quality. The water volumes for flood control are not withdrawn nor used, but treated as the other functions as it could be argued that this volume could not be used for other purposes. Environmental flows and navigation simply releases water to the downstream areas, and the use of the reservoir water can hence be considered very similar to hydropower production. Our approach of calculating the energy allocation was by using the numbers on volume allocation and the ratio between volume and energy generation for hydropower and imposing the same ratio of the other functions. This is an approach that is easy to use as long as numbers on volumes of water and hydropower production are available, and assuming that the relation between volume and energy production/loss is constant, i.e. not taking into account variations in head (variation in water level).
The economic allocation can be based on the energy calculation ('loss of energy') and the ratio of power generation and economic benefit, which was done in the SRSP case. This approach holds the same assumptions and limitations as the energy calculations, but ignores the effect of potential variation in power price over time. In the three other cases, the numbers for economic value are calculated by the referred sources, with limited information on how these numbers are established. The direct economic value often underestimates the real value of the resource, and the social value of water can be very high (e.g. Kadigi et al., 2008) , especially in countries with an agricultural sector providing food to the under-privileged. We would underline that great caution should be taken when introducing numbers calculated by different studies/sources, such as in the Mularroya case, where we can see from Table 5 that there are very large differences in the estimates of the economic value of irrigation and industrial uses/flood control, as the numbers can be established based on very different assumptions and methodological approaches. This problem is also illustrated by compiling numbers from different sources in the Aswan High Dam case. The study by Pasqualetti & Kelley (2008) on Glen Canyon Dam multipurpose reservoir used economic value (2B) to allocate the burden of the water consumption, assigning 55% of the burden to hydropower production. Due to the site-specific nature of multipurpose reservoirs, the transferability of the numbers by Pasqualetti & Kelley (2008) is considered limited. Zhao & Liu (2015) also used economic allocation in their study assessing the water footprint of hydropower production in the Yangtze River. Applying economic allocation might also have the undesired effect that those functions that generate the highest economic income per m 3 (most cost-efficient) are 'punished' by taking a higher burden of the water consumption than those functions generating the least income per m 3 . The volume allocation model will also often form the basis for calculation of energy allocation (as in our study), and will in some cases also be the starting point (or a proxy) for the use of the economic allocation model (2B). Referring to the assessment criteria in Section 2, the volume allocation is considered to be more scientifically robust, is more transparent and easier to reproduce, as well as being more easily applicable with a better level of documentation (data are more easily accessible and more precise) than energy and economic allocation. It could be questioned if volume allocation has a higher stakeholder acceptance, as some stakeholders might argue that activities (functions) with a high economic profit should take a larger burden of the resources consumption due to their financial strength.
Explicit prioritizing is not given as an allocation procedure in ISO 14044 (ISO 14044, 2006) , but was tested in this study due to its relevance for multipurpose reservoirs. The results presented in Figure 1 show that 'explicit prioritizing' with a 100% burden on the top priority appears to be an over-simplistic model, as the top priority takes all the burden from all the other functions, even when the volumes of water for this purpose can be very limited. As domestic water supply has the highest priority in all our cases, this sector will then take a very large burden of the water consumption. The method is very simple and quick to apply as long as the priorities are clearly given by water management authorities. We believe, however, that the scientific robustness and the stakeholder acceptance of the method could be questioned, as the sector given the highest priority might feel that their burden for the resource consumption ends up being too high. The decision on setting the priorities is exclusively political, not based on any physical or economic analysis of the system.
The assessors' prior knowledge of a system will affect the resources needed to find reliable data/information about the case. For the cases presented in this paper, one of the authors had prior knowledge about the SRSP and had carried out a site visit. For the Spanish cases most of the documentation was only available in Spanish.
Setting proper system boundaries is a well-known challenge in LCA studies (Modahl et al., 2013) , is also discussed in the context of calculating water consumption (Bakken et al., 2013b) and is a problem we encountered in this study too. Setting proper spatial boundaries for the volume calculation is very important. Key questions to be raised when drawing the boundaries on volume allocation are: from where is the water withdrawn? Is the withdrawn water returned into the river basin and hence available for downstream users? Does the water evaporate and return as precipitation elsewhere in the river basin? In the case of Aswan High Dam, this reservoir regulates the flow and secures reliable access to water to the downstream areas all the way to the Mediterranean Sea all year around. Just a portion of the water is withdrawn directly from the reservoir, but provides regulated flow several kilometres downstream of the dam. Proper spatial system boundaries might hence include the reservoir and all downstream areas benefitting from it. Adding further complexity to this, water might have reduced quality when returned, described as the 'grey water footprint' according to water footprint terminology (Hoekstra et al., 2011) .
A similar methodological challenge to assessing the right volumes appears in the next step when allocating the losses based on energy (loss of energy) and economic value. As the lost energy generation is calculated directly from volumes of water, the spatial boundaries would be directly adopted from the calculation of volumes. In the case of economic value these will be calculated directly on lost energy generation and the spatial boundaries will also follow the boundaries of the flow of water. If the economic value is calculated with use of more comprehensive macroeconomic models, similar decisions must be made with respect to which benefits should be included.
Many parts of the world experience large seasonal variations in hydrology, having a distinct wet season contrasted by a longer dry season with limited access to water, where the construction of reservoirs is a common way of securing adequate supply all year around. This would mean that high water consumption in periods with abundant water resources would be unproblematic, while the water resources must be managed with greater care in periods of water stress, unless storage overcomes the seasonal differences. It could then be argued that consumption of water in periods with abundant sources should be 'fined' less than use of water in periods with deficit, i.e. weighting the water consumption by availability of water over time.
Conclusions and recommendations
An examination of four cases of multipurpose reservoirs with hydropower was used to examine the appropriateness of different burden distribution models in the context of water consumption. Based on our study we recommend the following:
